Abstract. Starting from the scheme given by Hudson and Parthasarathy 7, 11] we extend the conservation integral to the case where the underlying operator does not commute with the time observable. It turns out that there exist two extensions, a left and a right conservation integral. Moreover, Itô's formula demands for a third integral with two integrators. Only the left integral shows similar continuity properties to that derived in 11] used for extending the integral to more than simple integrands.
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In another approach we extend the previous notions for the integrals to much larger domains of de nition and to much more processes, including anticipating ones. Similar to 5, 10], we use the Skorohod integral and the Malliavin derivative acting on a symmetric Fock space 3, 4 ]. It appears that this formulation uni es all three integrals in the double integrator one.
1. Introduction. In 7, 11] there was developed the well known quantum stochastic calculus. The basic integrators in this theory are the annihilation process A m , the creation process A m and the conservation process H , where m is a martingale w.r.t. the time observable and H commutes with . These properties assure that the basic integrator processes have so called independent increments, at least on a certain exponential domain.
In 8] it turned out that sometimes it should be useful to have conservation integrals even in the case, where H does not commute with . The basic observation in that paper was that it is only necessary that the integrand appears at any time to the left of the integrator. Now we want to make a thorough discussion of these integrals. In a rst approach we try to make use of the special structure of the integrators related to exponential vectors. Besides the easy going left integral there should also be a right integral adjoint to the former. As we lost the property of independent increments both 1991 Mathematics Subject Classi cation: Primary 81S25; Secondary 60H05, 60H07. The paper is in nal form and no version of it will be published elsewhere. 1] 2 V. LIEBSCHER integrals are di erent. It appears that the technique used by 7, 11] and also basic for 2] is not enough to give good estimates for the norm of a simple integral and we cannot extend the integral to others than simple processes. The Itô formula for the left integral demands for a third integral of the kind \ ? ! R 0 (dt)X t ? R (dt); i.e. we have an integral which has (formally) two integrators and one integrand between them. Such a form of quantum stochastic integrals was already proposed in 9].
Unfortunately, the double integrator integral shows the same problems as the right integral for the extension to more general processes. Therefore we use another technique to extend the last two integrals to more integrands. This second way is based on the use of the Malliavin derivative (gradient) and Skorohod integral analogous to 5, 10], but we prefer a description almost independent from an underlying L 2 structure. This way all three integrals appear to be versions of the double integrator integral. Also the Skorohod type number integral of 10] is a special case of such double integrator conservation integrals.
We think this short note may provide some example on the way to a general theory of quantum stochastic integration including also dependent increment processes.
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2. Basic de nitions and notations. For the natural, real, positive real and complex numbers respectively we use the symbols N, R, R + = 0; 1) and C respectively.
The indicator function of a set B is denoted 1 B , the complement of this set by B sfC .
3. Conservation integrals on the exponential domain. Let us be given a separable Hilbert space H with a so called time observable , which is a projection valued measure (in the {strong topology) on R + without atoms. In contrast to the usual assumption we do not suppose that (R + ) = R+ = 1I (1I is the identity operator). To simplify notations, we will return to 0;1) = 1I by setting f0 g = 1I ? R+ Although may not commute with R, we can apply now the same procedure as in 11] to de ne general integrals. We have only to take care of the fact that X appears in any case to the left of ( (s;t] R) and the integral has to be taken over (0; t]. Lemma (3) R e ma r k 1. There are two simple conditions to ful l (3). The rst one is that R commutes with (clearly, t] (t = 0). This is the condition from the original calculus as laid out in 7, 11] . There is yet another simple condition, basic in 8], namely R = R f0 g . It appears that selfadjoint operators R allow only for the rst possibility. for all t 2 R + . This is just the assertion.
In the following we will assume (3) as far as we consider the left conservation integral. Here the problem appears whether X s e e v 2 dom( (R (s;t] ) ). First we shall use the closure of the conservation operator. But even then adaptedness is not enough to have this domain relation automatically. We know that dom( (R (s;t] )) dom(N) = dom( (1I)). So it seems that we have to assume X s e e v 2 dom(N) for all s 2 R + . Fortunately, adaptedness helps now to derive something slightly better. Lemma (5) P r o o f. By looking at matrix elements with exponential vectors we see (R 0 )e e v = a (R 0 v)e e v . Furthermore, dom(a (f)) dom( (P) 1=2 ) if P is a projector with Pf = f. This implies that both terms on the right hand side of (5) We want to mention that there is no suitable second fundamental lemma providing us a tool for extending the integral to at least continuous processes. So we have to restrict to simple processes only as far as we want to use the properties of the exponential domain. We will nd a more conceptual solution to this problem in Section 4. Lemma On a suitable domain the formula (S)a (f) = a (Sf) + a (f) (S) is valid (cf. The rst summand poses no problems, as the sum over any partition of (0; t) yields a (R 0 (0;t] Rv)X 0 e e v (the process (X t ) t2R+ was assumed to be constant). With (5) 
completing the proof.
We may use formula (7) Sg e e h = a (g)e e h : One obtains SD = N and (S) = SS 1ID on dom(N) for any bounded operator S. Now we want to nd a more explicit form of our integrals. Applying the Hahn-Hellinger theorem 11, Section 7] to we may assume H = H f0 g L 2 (R + N; ) where is some R e ma r k 6. In the same fashion we could de ne for a measurable eld X : G 3 x 7 ! X x integrals like T X x ? R (dx) if is a non-atomic projection valued measure on some (Polish) space G and even multiple integrals in the manner of 10].
R e ma r k 7. Observe that for the de nition of the integrals we need neither the assumption of adaptedness of the process (X t ) t2R+ nor the conditions (3) and (6 
